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We use new measurements of the inclusive electroproduction reactions eN —~ e’m*X and
eN — e’pX with € values in the range 0.35<¢€ < 0,45 together with earlier measurements
with 0.85<€<0.95 to determine the contributions to the cross section due to transversely
and longitudinally polarized photons in the range 1.2 GeV?<@?%<3.3 GeV?, The longitudi-
nal component is small and consistent with that observed in the total virtual-photopro-

duction cross section.

The longitudinal polarization of virtual photons
provides a powerful probe for determining the
spin of the constituents of the nucleon. For elec-
troproduction experiments in which only the scat-
tered electron is observed, the total virtual-
photoproduction cross section can be written in
the form

Opor= Op + €0, (1)

Here oy is due to transversely polarized photons,
0 is due to longitudinally polarized photons, and
€ is the polarization parameter for the virtual
photons., The Stanford Linear Accelerator Cen-
ter—Massachusetts Institute of Technology data
give the value 0.14 £ 0,07 for the ratio R=0,/0..!
This small value of R is interpreted in the parton
model to mean that the constituents are predom-
inately spin-% particles. This supports the quark

model for nucleon structure. The observed scal-
ing of YW, and W, implies that R should be given
by

R=Q%*/v*=2M/vw, (2)

where v and -@* are the energy and square of the
mass of the virtual photon, respectively, and w
=2Mv/Q? The available data are not sufficiently
precise to distinguish between a constant R and
a functional dependence of the form given by Eq.
(2). There has been some speculation that the
longitudinal component is due entirely to exclu-
sive reactions such as y,p —7*n and that there is
no longitudinal component in the inclusive reac-
tions such as y,p ~7'X.?

In this Letter, we use new measurements made
at low €3# of the inclusive electroproduction reac-

1051



VoLuME 38, NUMBER 19

PHYSICAL REVIEW LETTERS

9 May 1977

tions

(3)

eN —e’'m*X and eN —~e'px,

together with earlier measurements®™® to separ-
ate the contribution to the cross section due to
transversely and longitudinally polarized photons
in the range 1.2 GeV2<@?%<3.3 GeV? Reactions
(3) can be analyzed in terms of the virtual-photo-
production reactions

y,N=7*X and y N - pX, (4)

where the virtual photon’s @2, v, €, and direction
are tagged by the scattered electron. The cross

E,d%0/dp,>=A +€C + €Bcos(2¢) +[3€(e +1)] 2D cos¢.

(-

The four terms are the respective contributions
from transverse photons, longitudinal photons,
interference between the transvers amplitudes,
and interference between longitudinal and trans-
verse amplitudes. The polarization parameter €
is given in terms of laboratory variables by

e={1+2[(+?+Q?/Q?|tan*(%6,)} "%, ("

where 0,. is the electron scattering angle. € is
invariant under boosts along the direction of the
virtual photon, The results presented here have
been averaged over ¢ so as to eliminate the B
and D terms in Eq. (6).

The data are presented in terms of {f) obtained
by averaging the invariant cross section

f=E d*c _ 2E,* d’o
B hdphg_pmax*dxdequ),

over the range p,2<0,02 GeV? and 0<¢ <27 and in
terms of the invariant structure function F(x, @2,
W) obtained by averaging f/0,, over this same
region, 0.y is the total virtual-photoproduction
cross section, The proton total cross section,

0,, was taken from a fit to the Stanford Linear
Accelerator Center—Massachusetts Institute of
Technology data,!® The neutron total cross sec-
tion was assumed to be given by 0,=0,(1-0.75/
w). The neutron results reported here were ex-
tracted from the deuterium data by assuming the
deuteron to be the simple sum of a proton and
neutron., {f) was integrated over the interval
(x,,x,) to obtain

F=loi(frax=A+eC.
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sections for Reactions (3) and (4) are related by®
do/dQ,,dE" dp,® =T d*a/dp 3, (5)

where % denotes the detected hadron and I is the
“flux” of transversely polarized photons, The
cross section d®0/dp,® for Reactions (4) is a func-
tion of W (the center-of-mass energy), @3 €, pr
(the component of the hadron’s momentum per-
pendicular to the direction of the virtual photon),
X =p */p max* (the parallel component of the had-
ron’s momentum normalized to the maximum
possible momentum evaluated in the virtual-pho-
ton—target-nucleon center-of-mass system), and
¢ (the angle between the electron scattering plane
and the virtual-photon~hadron plane),

The general form of the invariant virtual-photo-
production cross section is

(6)

The two-arm spectrometer system described
previously was used to take data at the (W, @2
points (2.15 GeV, 1.2 GeV?), (2.65,2.0), and
(2.65, 3.3) with a hydrogen target and at (2.15, 1,2)
with a deuterium target for values of € in the
range 0.35<€<0.45,°* A similar spectrometer
system was used in earlier experiments to take
data at the same (W, @2 points with € in the range
0.85<€<0,95,°7® In all three experiments a show-
er counter and a threshold Freon Cherenkov coun-
ter were used to identify scattered electrons.
Pions and protons were separated by a threshold
Freon Cherenkov counter for momenta greater
than 1.8 GeV and by time of flight for smaller
momenta, The low-€ data have been corrected
for random coincidences (~1%), electronics dead
time (~5%), target-wall background (~3%), ab-
sorption in counters (~5%), and electron misiden-
tification (~1%). The high-€ data have also been
corrected for random coincidences (~5%), elec-
tronics dead time (~5%), target-wall background
(~5%), absorption in counters (~4%), and elec-
tron misidentifications (~2%). Pion decay losses
were simulated in the Monte Carlo acceptance
calculations of the spectrometers., Both spec-
trometers used in the low-€ experiment were
checked with elastic electron scattering, and the
mean ratios of the measured elastic scattering
cross sections to the average of the world data
for the electron and hadron arms were 0,972
+0,010 and 0,993+ 0,004, respectively. The over-
all systematic error of the low-¢ experiment is
estimated to be +7%, The spectrometers used in
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the earlier high-€ experiments were also checked
with elastic electron scattering measurements,
The mean ratios of the measured elastic scatter-
ing cross sections to the average of the world
data for the electron and hadron arms were 0,994
+0,007 and 0,998+ 0,009, respectively. The esti-
mated systematic error in the high-¢ data is also
£7%. The same Faraday cup was used in both ex-
periments. Since the two spectrometer systems
were very similar and the procedures of data
analysis were identical, we believe the system-
atic errors to be correlated such that the system-
atic uncertainties in A and C are +10%, one third
of which is due to the uncorrelated portion of the
systematic error, This uncorrelated portion in-
troduces an uncertainty in R=C/A of + 0,06, The
errors shown in the figures and tables are statis-
tical only and do not include the systematic er-
rors,

Figures 1 and 2 show the ratio of the invariant
structure function F for 7* and 7~ production
from hydrogen as a function of x for two values
of € at the three (W, @2 points. The data show no
trends and the ratios are consistent with being 1
over the range 0.1<x<0.8. The regionx >0.8 is
dominated by the resonances and the 7* channel
shows a particularly large longitudinal compon-
ent.!’ A ratio of 1 indicates that the ratio of the
longitudinal to transverse contributions for the
inclusive cross section is the same as that found
for the total virtual-photoproduction cross sec-
tion. Similar results were obtained for the neu-
tron-target data.

FIG. 2, Ratio of 7 structure functions from a proton
target for two values of € at several (W,Q2%,¢,,¢,)
points

Figure 3 shows the ratio of the invariant struc-
ture function for forward protons from a proton
target. With the possible exception of the data at
@%=3.3 GeV? with x >0.2, the ratio is consistent
with 1 and indicates that the ratio of the longitu-
dinal to the transverse component is the same as
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FIG. 3. Ratio of proton structure function from a pro-
ton target for several (W,Q%, ¢,, €,) points.
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TABLE 1. Pion separation results for 0.3<x<0,7 and proton separation results for 0,0<x< 1.0,

'ﬂ'+ i p
2 R+e T C Rte C T Ae,C C
TARGET (GeV)  (Gevd) & €2 A+eot i /-\+€2(-Z ;-\_ A+e](: i3
+0.11 +0.17 +0.06
p 2.15 1.2 0.94 0.45 0.99+0.05 -0.02 1.05+0.07 0.11 0.95+0.03 -0.10
-0.10 -0.15 -0.06
+0.14 +0.22 +0.12
p 2.70 2.0 0.81 0.34 1.15+0.05 0.36 1.02+0.09 0.04 1.04+0.05 0.09
-0.13 -0.19 -0.11
+0.21 +0.64 +0.34
p 2.70 3.3 0.82 0.38 1.05+0.08 0.12 0.9140.26 -0.19 1.09+0.11 0.23
-0.19 -0.42 -0.27
+1.61 +0.19 +0.59
n 215 1.2 0.94 0.45 1.3240.26  0.93 0.97+0.09  -0.06 1.2240.15  0.57
-0.80 -0.16 -0.41
+0.09 +0.09 +0.06
d 2.15 1.2 0.94 0.45 1.05+0.04 0.11 1.00+0.04 0.00 1.00+40.03 0.00
-0.09 -0.08 -0.06

that found for the total virtual-photoproduction
cross section. Similar results were obtained for
the neutron-target data,

Table I summarizes the ratios of f and C/A for
the pion data in the region 0.3 <x < 0.7 and for the
proton data in the region 0,0<x <1,0, Within er-
rors the longitudinal-transverse ratio is consis-
tent with zero and also with the value observed
for the total virtual-photoproduction cross sec-
tion, The average C/A for the three (W, @2
points from hydrogen are 0,09+ 0,07, 0.08+0, 12,
and -0.05+0.05 for 7*, 77, and protons, respec-
tively. We have estimated the effects of electron
radiative corrections on the ratios in Table I.
The effect on the ratio of 7’s is less than 1%,

In summary, we have studied the ratio of the
longitudinal and transverse cross sections for the
inclusive electroproduction of forward charged
pions and forward protons from proton and neu-
tron targets, The longitudinal component is
small and is consistent with either being zero or
being the same as that found for the total virtual-
photoproduction cross section,
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